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TITLE OF INVENTION 

Workpiece Transport Apparatus 

5 BACKGROUND OF INVENTION 

[0001] This application claims priority under 35 USC 1 19(a) to Patent Application No. 2003- 
75948 filed in Japan on 21 January 2003, the content of which is incorporated herein by 
reference in its entirety. 

10 [0002] The present invention pertains to a workpiece transport apparatus transporting glass 
substrate, semiconductor wafer, and/or other such workpiece during manufacture of 
semiconductor, liquid crystal display element, EL (electroluminescent), PDP (plasma display 
panel) and/or other such flat panel display, solar cell panel, and/or the like; and is in 
particular related to a strategy for smoothly flipping a workpiece so as to reverse front and 

15 back sides thereof for the purpose of carrying out processing of the backside, and/or of both 
sides, of the workpiece. 

[0003] During cleaning, photolithography, and/or other such operations carried out on glass 
substrates and/or semiconductor wafers (hereinafter collectively referred to as 
"workpiece(s)") at sites at which semiconductors, flat panel displays, solar cells, and/or the 
20 like are manufactured, where a need has arisen to flip so as to reverse front and back sides of 



PAGE 1 OF 32 



a workpiece, mechanical chucks, vacuum chucks, electrostatic chucks, and other such chuck 
mechanisms have conventionally been employed to flip the workpiece while supporting the 
end of the workpiece or holding the backside of the workpiece against another surface. 
[0004] As shown in FIGS. 20 and 21, in one example of such a workpiece transport 
5 apparatus, transport workpiece 201 is transported through four transport locations PI through 
P4 (transport location PI being a location occupied following application of liquid coating, 
P2 being a workpiece side cleaning processing location, P3 being a standby location, and P4 
being a location occupied following the operation), workpiece 201 being flipped as it is 
transported so as to reverse front and back sides thereof during transport from transport 

10 location PI to P2 (see, e.g., Japanese Patent Application Publication Kokai No. HI 0-264071 
(1998)). Moreover, flipping of workpiece 201 so as to reverse front and back sides thereof is 
carried out by using a motor (not shown) constituting drive unit 204 for plurality of 
mechanical chuck means 202, ... as drive source to rotarily drive workpiece 201 in the 
direction indicated by arrow 205 while the periphery thereof is chucked at prescribed 

15 locations by chuck appendages 203 of mechanical chuck means 202. Chucking of workpiece 
201 by chuck appendages of such respective chuck means 202 is carried out by way of sliding 
shaft 207 which engages in sliding action as a result of being directly driven by an air 
cylinder. Where this is the case, transfer of the workpiece among respective transport 
locations PI through P4 may be carried out by means of a separate robot, not shown. 

20 [0005] However, with the foregoing conventional workpiece transport apparatus, because 

workpiece 201 is chucked by chuck appendages 203 of plurality of mechanical chuck means 
202, ... , increase in the size of the workpiece will cause occurrence of bowing at the 
workpiece, reducing chuck reliability. This increases the likelihood of occurrence of 
workpiece droppage, breakage, cracking, chipping and/or other such problems during 

25 transport and flipping to reverse front and back sides thereof. And where the workpiece was 
already bowed at the outset, chucking is made all the more difficult. 
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[0006] Furthermore, because chucking is carried out by way of sliding shaft 207, there is a 
concern that particles will be generated by the sliding shaft and/or components coming into 
sliding contact therewith as well as components carrying out rotary driving. And because 
there are many mechanical parts and apparatus constitution is complex, not only is failure 
likely to occur and much labor expended during servicing thereof, but the apparatus also 
tends to be large in size. 

[0007] In addition, where a vacuum chuck or electrostatic chuck is employed instead of a 
mechanical chuck, a possibility exists that generation of static electricity will affect the 
workpiece and/or the process. 

[0008] The present invention was conceived in light of such issues, it being an object thereof 
to provide a workpiece transport apparatus capable of definitively flipping workpiece(s) 
without occurrence of workpiece droppage, breakage, cracking, chipping and/or the like 
during transport and/or flipping to reverse front and back sides thereof; capable of reducing 
the number of mechanical parts to a minimum, simplifying servicing procedures, and 
increasing the compactness of the apparatus; and capable of definitively preventing 
workpiece(s) and/or process(es) from being adversely affected by static electricity. 

SUMMARY OF INVENTION 

[0009] In order to achieve the foregoing and/or other objects, one or more embodiments of 
the present invention may comprise at least one pair of transport stages disposed so as to face 
one another in at least one vertical direction and employing fluidic expulsion and/or 
simultaneous expulsion and suction to lift in floating fashion and transport one or more 
workpieces; at least one plurality of elevator pins capable of being raised and lowered, 
disposed on at least one member of the at least one pair of transport stages, and retaining at 
least one periphery of at legist one of the workpiece or workpieces; and one or more rotating 
mechanisms for rotating the at least one pair of transport stages so as to permit same to be 
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inverted vertically. Moreover, the at least one workpiece may be transferred from at least one 
upper member of the at least one pair of transport stages to at least one lower member thereof 
in accompaniment to lowering of the respective elevator pins at the at least one upper 
member of the at least one pair of transport stages when the at least one upper member of the 
at least one pair of transport stages is inverted vertically by at least one of the rotating 
mechanism or mechanisms. 

[0010] As a result of such specific features, workpiece(s) lifted in floating fashion at one 
transport stage or set of transport stages by fluidic expulsion and/or simultaneous expulsion 
and suction is/are rotated by rotating mechanism(s) and pair(s) of transport stages is/are 
inverted vertically while periphery or peripheries thereof is/are retained as a result of raising 
of elevator pin(s); following which lowering of respective elevator pin(s) causes, in 
accompaniment to such lowering, workpiece(s) to be transferred from one transport stage or 
set of transport stages at upper location(s) to other transport stage or set of transport stages at 
lower location(s) such that workpiece(s) is/are lifted in floating fashion by fluidic expulsion 
and/or simultaneous expulsion and suction at the other transport stage or set of transport 
stages. As a result, even where increased size of workpiece(s) causes occurrence of bowing at 
workpiece(s) and/or where workpiece(s) was/were already bowed at the outset, workpiece(s) 
lifted in floating fashion at one transport stage or set of transport stages by fluidic expulsion 
and/or simultaneous expulsion and suction is/are smoothly flipped so as to reverse front and 
back sides thereof while periphery or peripheries thereof is/are retained as a result of raising 
of elevator pin(s); following which lowering of respective elevator pin(s) at upper transport 
stage(s) is accompanied by transfer of workpiece(s) from upper transport stage(s) to lower 
transport stage(s) such that workpiece(s) is/are lifted in floating fashion thereabove, making it 
possible to definitively prevent occurrence of workpiece droppage, breakage, cracking, 
chipping and/or the like during transport and/or flipping to reverse front and back sides 
thereof. 
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[001 1] Furthermore, chucking of workpiece(s) being carried out by merely causing simple 
elevator-type action(s) implemented by elevator pin(s), generation of particles from 
surrounding regions is held to a minimum. And not only can the number of mechanical parts 
be reduced, failure be made unlikely to occur, and less labor be expended during servicing 
5 thereof, but the apparatus can also be made extremely compact in size. 

[0012] In addition, workpiece(s) and/or process(es) are not adversely affected by static 
electricity such as would be the case where a vacuum chuck or electrostatic chuck is 
employed. 

[0013] Furthermore, in accordance with another approach, one or more embodiments of the 

10 present invention may comprise at least one plurality of transport stages disposed opposite 
one another in at least one direction in which one or more workpieces is or are transported 
and employing fluidic expulsion and/or simultaneous expulsion and suction to lift in floating 
fashion and transport at least one of the workpiece or workpieces; at least one plurality of 
elevator pins capable of being raised and lowered, disposed on at least a portion of the 

15 respective transport stages, and retaining at least one periphery of at least one of the 

workpiece or workpieces; one or more first rotating mechanisms for rotating at least one of 
the transport stage or stages which is or are upstream in at least one of the workpiece 
transport direction or directions to at least one tilt angle less than 180° in at least one 
direction tending to cause same to be inverted vertically; and one or more second rotating 

20 • mechanisms for rotating at least one of the transport stage or stages which is or are 

downstream in at least one of the workpiece transport direction or directions to at least one 
tilt angle causing same to face, across at least one of the workpiece transport direction or 
directions, the at least one transport stage which is upstream in the at least one workpiece 
transport direction and which is rotated by at least one of the first rotating mechanism or 

25 mechanisms; wherein at least one of the respective elevator pins which is at at least one 
location corresponding to the downstream side in the at least one workpiece transport 
direction of the at least one transport stage that is upstream in the at least one workpiece 
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transport direction, and at least one of the respective elevator pins which is at at least one 
location corresponding to the upstream side in the at least one workpiece transport direction 
of the at least one transport stage that is downstream in the at least one workpiece transport 
direction, are controlled so as to engage in elevator-type action separately from one or more 
5 others of the respective elevator pins. Moreover, the at least one workpiece may be made to 
glide substantially under the force of its own weight so as to be transferred from the at least 
one transport stage that is upstream in the at least one workpiece transport direction to the at 
least one transport stage that is downstream in the at least one workpiece transport direction 
in accompaniment to lowering of at least one elevator pin at the downstream side in the at 

10 least one workpiece transport direction of the at least one transport stage that is upstream in 
the at least one workpiece transport direction when the at least one transport stage that is 
upstream in the at least one workpiece transport direction is rotated in the at least one 
direction tending to cause same to be inverted vertically by the at least one first rotating 
mechanism and lowering of at least one elevator pin at the upstream side in the at least one 

15 workpiece transport direction of the at least one transport stage that is downstream in the at 
least one workpiece transport direction when the at least one transport stage that is 
downstream in the at least one workpiece transport direction is rotated by the at least one 
second rotating mechanism. 

[0014] As a result of such specific features, workpiece(s) lifted in floating fashion at 
20 transport stage(s) upstream in workpiece transport direction(s) by fluidic expulsion and/or 
simultaneous expulsion and suction is/are rotated by first rotating mechanism(s) to angle(s) 
less than 180° in direction(s) tending to cause same to be inverted vertically, tilting transport 
stage(s) upstream in workpiece transport direction(s), while periphery or peripheries thereof 
is/are retained as a result of raising of elevator pin(s); following which lowering of elevator 
25 pin(s) at downstream side(s) in workpiece transport direction(s) of transport stage(s) 

upstream in workpiece transport direction(s) and lowering of elevator pin(s) at upstream 
side(s) in workpiece transport direction(s) of transport stage(s) downstream in workpiece 
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transport direction(s) causes, in accompaniment to such lowering, workpiece(s) to glide 
substantially under its/their own weight(s) so as to be transferred from transport stage(s) 
upstream in workpiece transport direction(s) to transport stage(s) downstream in workpiece 
transport direction(s) such that workpiece(s) is/are lifted in floating fashion by fluidic 
expulsion and/or simultaneous expulsion and suction at the transport stage(s) downstream in 
workpiece transport direction(s). As a result, even where increased size of workpiece(s) 
causes occurrence of bowing at workpiece(s) and/or where workpiece(s) was/were already 
bowed at the outset, workpiece(s) lifted in floating fashion at transport stage(s) upstream in 
workpiece transport direction(s) by fluidic expulsion and/or simultaneous expulsion and 
suction is/are smoothly flipped so as to reverse front and back sides thereof while periphery 
or peripheries thereof is/are retained as a result of raising of elevator pin(s); following which 
lowering of elevator pin(s) at downstream side(s) in workpiece transport direction(s) of 
transport stage(s) upstream in workpiece transport direction(s) and lowering of elevator pin(s) 
at upstream side(s) in workpiece transport direction(s) of transport stage(s) downstream in 
workpiece transport direction(s) is accompanied by gliding transfer of workpiece(s) from 
transport stage(s) upstream in workpiece transport direction(s) to transport stage(s) 
downstream in workpiece transport direction(s) such that workpiece(s) is/are lifted in floating 
fashion thereabove, making it possible to definitively prevent occurrence of workpiece 
droppage, breakage, cracking, chipping and/or the like during transport and/or flipping to 
reverse front and back sides thereof. 

[0015] Furthermore, chucking of workpiece(s) may be carried out by merely causing simple 
elevator-type action(s) implemented by elevator pin(s), making it possible to hold generation 
of particles from surrounding regions to a minimum; and the number of mechanical parts may 
be reduced to a minimum, permitting reduction in the frequency of failures, permitting 
simplification of servicing procedures, and allowing the apparatus to be made more compact. 
[0016] In addition, it will be possible to definitively prevent workpiece(s) and/or process(es) 
from being adversely affected by occurrence of static electricity. 
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[0017] Here, if at least a portion of the respective elevator pins is or are at least partially 
coated with vibration-dampening material and/or cushioning material having rubber, resin, 
and/or gel-like silicone as primary component, it will be possible to cause periphery or 
peripheries of workpiece(s) to be more definitively retained by elevator pin(s) during flipping 
of workpiece(s) to reverse front and back sides thereof, making it possible to more 
definitively prevent occurrence of workpiece droppage, breakage, cracking, chipping and/or 
the like during transport and/or flipping to reverse front and back sides thereof. And it will 
also be possible to prevent damage to workpiece(s) due to contact during retention of 
periphery or peripheries of workpiece(s) by respective elevator pin(s). 
[0018] Furthermore, in accordance with another approach, one or more embodiments of the 
present invention may comprise at least one pair of transport stages disposed so as to face one 
another in at least one vertical direction and employing fluidic expulsion and/or simultaneous 
expulsion and suction to lift in floating fashion and transport one or more workpieces; and 
one or more rotating mechanisms for rotating the at least one pair of transport stages so as to 
permit same to be inverted vertically while at least one of the workpiece or workpieces is 
held by fluidic suction to at least one member of the at least one pair of transport stages. 
Moreover, the at least one workpiece may be transferred from at least one upper member of 
the at least one pair of transport stages to at least one lower member thereof in 
accompaniment to reduction, termination, and/or reversal of fluidic suction when the at least 
one upper member of the at least one pair of transport stages is inverted vertically by at least 
one of the rotating mechanism or mechanisms. 

[0019] As a result of such specific features, workpiece(s) lifted in floating fashion at one 
transport stage or set of transport stages by fluidic expulsion and/or simultaneous expulsion 
and suction is/are rotated by rotating mechanism(s) and pair(s) of transport stages is/are 
inverted vertically while workpiece(s) is/are held by fluidic suction to the one transport stage 
or set of transport stages; following which reduction, termination, and/or reversal of fluidic 
suction from one transport stage or set of transport stages now occupying upper location(s) 
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causes, in accompaniment to such reduction, termination, and/or reversal of suction, 
workpiece(s) to be transferred from one transport stage or set of transport stages at upper 
location(s) to other transport stage or set of transport stages at lower location(s) such that 
workpiece(s) is/are lifted in floating fashion by fluidic expulsion and/or simultaneous 
expulsion and suction at the other transport stage or set of transport stages. As a result, even 
where increased size of workpiece(s) causes occurrence of bowing at workpiece(s) and/or 
where workpiece(s) was/were already bowed at the outset, workpiece(s) lifted in floating 
fashion at one transport stage or set of transport stages by fluidic expulsion and/or 
simultaneous expulsion and suction is/are smoothly flipped so as to reverse front and back 
sides thereof while workpiece(s) is/are held by fluidic suction to the one transport stage or set 
of transport stages; following which reduction, termination, and/or reversal of fluidic suction 
at one transport stage or set of transport stages now occupying upper location(s) is 
accompanied by transfer of workpiece(s) from one transport stage or set of transport stages to 
other transport stage or set of transport stages at lower location(s) such that workpiece(s) 
is/are lifted in floating fashion thereabove, making it possible to definitively prevent 
occurrence of workpiece droppage, breakage, cracking, chipping and/or the like during 
transport and/or flipping to reverse front and back sides thereof. 

[0020] Furthermore, it being possible to carry out chucking of workpiece(s) by mere fluidic 
suction, and chucking of workpiece(s) by mechanical part(s) being unnecessary, it is possible 
to reduce generation of particles to the maximum extent and it is possible to eliminate 
mechanical parts, simplify servicing procedures, and make the apparatus more compact. 
[0021] Moreover, if at least a portion of the respective transport stages is or are supported so 
as to permit horizontal and vertical movement, it will be possible to definitively prevent 
interference between transport stage(s) and nearby component(s) as transport stage(s) is/are 
rotated during flipping of workpiece(s) to reverse front and back sides thereof, making it 
possible to smoothly carry out flipping of workpiece(s) to reverse front and back sides thereof. 
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BRIEF DESCRIPTION OF DRAWINGS 



[0022] FIG. 1 is a side view of a workpiece transport apparatus associated with a first 
embodiment of the present invention, transport of a workpiece from a workpiece introduction 
region to a workpiece rotation region being shown. 

[0023] FIG. 2 is a side view of the workpiece transport apparatus therein, flipping of the 
workpiece at the workpiece rotation region so as to reverse front and back sides thereof being 
shown. 

[0024] FIG. 3 is a side view of the workpiece transport apparatus therein, transport of the 
workpiece from the workpiece rotation region to a workpiece exit region being shown. 
[0025] FIG. 4 is a side view of the workpiece rotation region therein, lifting of the workpiece 
in floating fashion as it is transported thereto from the workpiece introduction region being 
shown. 

[0026] FIG. 5 is a side view of the workpiece rotation region therein, retention of the 
periphery of the workpiece by elevator pins as the workpiece is lifted in floating fashion 
between a first and a second transport stage being shown. 

[0027] FIG. 6 is a side view of the workpiece rotation region therein, flipping of the 
workpiece so as to reverse front and back sides thereof as the periphery thereof is retained by 
elevator pins being shown. 

[0028] FIG. 7 is a side view of the workpiece rotation region therein, lifting of the workpiece 
in floating fashion at the second transport stage after the workpiece has been flipped so as to 
reverse front and back sides thereof being shown. 

[0029] FIG. 8 is a plan view of the first transport stage therein, shown as viewed from the 
facing surface. 

[0030] FIG. 9 is an oblique view of the first transport stage therein, shown as viewed 
diagonally above the facing surface. 
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[0031] FIG. 10 is a side view of a workpiece rotation region associated with a second 
embodiment of the present invention, lifting of a workpiece in floating fashion as it is 
transported thereto from a workpiece introduction region being shown. 
[0032] FIG. 1 1 is a side view of the workpiece rotation region therein, commencement of 
5 suction directed at the workpiece by a first transport stage after the workpiece has been lifted 
in floating fashion between the first and a second workpiece transport stage being shown. 
[0033] FIG. 12 is a side view of the workpiece rotation region therein, flipping of the 
workpiece so as to reverse front and back sides thereof as the workpiece is held to the first 
transport stage being shown. 
10 [0034] FIG. 13 is a side view of the workpiece rotation region therein, release of the 

workpiece and lifting thereof in floating fashion between the first and the second transport 
stage after the workpiece has been flipped so as to reverse front and back sides thereof being 
shown. 

[0035] FIG. 14 is a side view of a workpiece transport apparatus associated with a third 
15 embodiment of the present invention, transport of a workpiece from a workpiece introduction 
region to an upstream workpiece rotation region being shown. 

[0036] FIG. 15 is a side view of the workpiece transport apparatus therein, transfer of the 
workpiece from the upstream workpiece rotation region to a downstream workpiece rotation 
region being shown. 

20 [0037] FIG. 16 is a side view of the upstream workpiece rotation region therein, lifting of the 
workpiece in floating fashion as it is transported thereto from the workpiece introduction 
region being shown. 

[0038] FIG. 17 is a side view of the upstream workpiece rotation region therein, retention of 
the periphery of the workpiece by elevator pins as the workpiece is lifted in floating fashion 
25 being shown. 
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[0039] FIG. 18 is a side view of the upstream workpiece rotation region therein, flipping of 
the workpiece so as to reverse front and back sides thereof as the periphery thereof is retained 
by elevator pins being shown. 

[0040] FIG. 19 is a side view, from the upstream workpiece rotation region to the 
downstream workpiece rotation region therein, transfer of the workpiece from an upstream 
transport stage to a downstream transport stage being shown. 

[0041] FIG. 20 is an oblique view of a workpiece transport apparatus associated with a 
conventional example. 

[0042] FIG. 21 is an oblique view showing details of mechanical chuck means therein. 



DESCRIPTION OF PREFERRED EMBODIMENTS 



[0043] Below, embodiments of the present invention are described with reference to the 
drawings. 

[0044] FIRST EMBODIMENT 

FIGS. 1 through 3 show workpiece transport apparatus X associated with a first embodiment 
of the present invention. Arranged so as to be lined up in a single row over platform Xa are 
workpiece rotation region 1, which flips workpiece W so as to reverse front and back sides 
thereof; workpiece introduction region 2, which transports workpiece W to workpiece 
rotation region 1; and workpiece exit region 3, to which workpiece W is transported from 
workpiece rotation region 1. In the present case, glass substrate(s), semiconductor wafer(s), 
and/or other such more or less rectangular object(s) in connection with manufacture of 
semiconductor, liquid crystal display element, EL, PDP and/or other such flat panel display, 
solar cell panel, and/or the like may be employed as workpiece(s) W. 
[0045] The foregoing workpiece rotation region 1 is equipped with pair of left and right 
support legs 1 1 (only that at the foreground in the plane of the paper being shown in FIGS. 1 
through 3) installed over platform Xa; extensible shafts 12 capable of being vertically 
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extended from and retracted into these support legs 1 1 ; and pair of first and second, or upper 
and lower, transport stages 14, 15 rotatably supported at the tips of such extensible shafts 12 
by way of pivot shaft 13. This pivot shaft 13 and a motor, not shown, constitute a rotating 
mechanism which causes rotation of pair of first and second, or upper and lower, transport 
stages 14, 15. In addition, the foregoing first and second transport stages 14, 15 are disposed 
so as to face one another in the vertical direction. Disposed in alternating fashion so as not to 
mutually crowd each other in region(s) near the centers of mutually facing surfaces 14a, 
15a — presenting more or less rectangular appearances in plan view — of such first and second 
transport stages 14, 15 are plurality of gas expulsion orifices 14c, 15c which expel gas 
supplied by way of supply passages 14b, 1 5b (shown in FIGS. 4 through 7) from gas supply 
tank(s) or canister(s), not shown; and plurality of gas suction orifices 14d, 15d which suck 
gas expelled from such respective gas expulsion orifices 14c, 15c. Furthermore, as shown in 
FIGS. 4 through 7, gas expelled from the foregoing respective gas expulsion orifices 14c, 15c 
strikes workpiece W and is thereafter sucked into respective gas suction orifices 14d, 15d, 
being discharged by way of suction passages 14e, 15e to the exterior of the apparatus by 
means of exhaust pump(s) and/or blower(s), not shown. Here, striking of workpiece. W by gas 
expelled from respective gas expulsion orifices 14c, 15c imparts lift to workpiece W, and 
workpiece W is lifted in floating fashion. Furthermore, whether workpiece W is as shown in 
FIG. 4 struck only by gas expelled from respective gas expulsion orifices 14c of first 
transport stage 14 (facing surface 14a) at the lower location, or whether workpiece W is as 
shown in FIG. 7 struck only by gas expelled from respective gas expulsion orifices 1 5c of 
second transport stage 15 (facing surface 15a) at the lower location, lift is imparted to 
workpiece W and workpiece W is lifted in floating fashion. 

[0046] Moreover, as shown in FIGS. 8 and 9, disposed with prescribed pitch therebetween in 
the circumferential direction around the region near the center of facing surface 14a of the 
foregoing first transport stage 14, i.e., at the periphery of respective gas expulsion orifices 14c 
and respective gas suction orifices 14d, are plurality of elevator pins 16, ... capable of being 
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raised and lowered. Such elevator pins 16 are raised and lowered by means of actuator(s), not 
shown; and when reused, retain the periphery of workpiece W which is lifted in floating 
fashion above first transport stage 14. The circumferential surfaces of the foregoing elevator 
pins 16 are coated with cushioning material 17 having rubber, resin, and/or gel-like silicone 
5 as primary component. Furthermore, mating holes (not shown) mating with the tips of the 
foregoing respective elevator pins 16 are disposed in recessed fashion in correspondence to 
such respective elevator pins 16 around the region near the center of facing surface 1 5a of the 
foregoing second transport stage 15, i.e., at the periphery of respective gas expulsion orifices 
15c and respective gas suction orifices 15d. 

10 [0047] Furthermore, as shown in FIGS. 1 through 3, the foregoing workpiece introduction 

region 2 is equipped with pair of left and right support legs 21 (only that at the foreground in 
the plane of the paper being shown in FIGS. 1 through 3) installed over platform Xa; and 
introduction stage 22, which is secured to the tips of such respective support legs 21 . 
Moreover, the foregoing workpiece exit region 3 is equipped with pair of left and right 

15 support legs 3 1 (only that at the foreground in the plane of the paper being shown in FIGS. 1 
through 3) installed over platform Xa; and exit stage 32, which is secured to the tips of such 
respective support legs 3 1. At the foregoing introduction stage 22 and exit stage 32 as well, 
plurality of gas expulsion orifices (not shown) which expel gas supplied by way of supply 
passages (not shown) from gas supply tank(s) or canister(s), not shown; and plurality of gas 

20 suction orifices (not shown) which suck gas expelled from such respective gas expulsion 

orifices, are disposed in alternating fashion so as not to mutually crowd each other. Moreover, 
gas expelled from the foregoing respective gas expulsion orifices strikes workpiece W and is 
thereafter sucked into respective gas suction orifices, being discharged by way of suction 
passages (not shown) to the exterior of the apparatus by means of exhaust pump(s) and/or 

25 blower(s), not shown. Here as well, striking of workpiece W by gas expelled from respective 
gas expulsion orifices imparts lift to workpiece W, and workpiece W is lifted in floating 
fashion. Note that it is also possible to impart lift to workpiece W and cause workpiece W to 
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be lifted in floating fashion by causing workpiece W to be struck only by gas expelled from 
respective gas expulsion orifices of introduction stage 22 and exit stage 32. 
[0048] A procedure by which workpiece W after being transported from introduction stage 
22 may be flipped so as to reverse front and back sides thereof and may thereafter be 
transported to exit stage 32 is next described. 

[0049] First, as shown in FIGS. 1 and 4, after causing gas expelled from respective gas 
expulsion orifices to strike workpiece W at introduction stage 22 of introduction region 2, 
suction by respective gas suction orifices causes workpiece W, lifted in floating fashion 
above introduction stage 22, to be transported to first, or lower, transport stage 14 of 
workpiece rotation region 1, upon which gas expelled by way of supply passages 14b from 
respective gas expulsion orifices 14c at this first transport stage 14 (facing surface 14a) is 
made to strike workpiece W, following which suction from respective gas suction orifices 
14d by way of suction passages 14e causes workpiece W to be transferred such that it is lifted 
in floating fashion at first transport stage 14. 

[0050] Next, as shown in FIG. 5, gas expelled by way of respective supply passages 15b from 
gas expulsion orifices 15c at second, or upper, transport stage 15 (facing surface 15a) is made 
to strike workpiece W, following which suction from respective gas suction orifices 1 5d by 
way of suction passages 1 5e causes workpiece W to be made to float at a neutral location 
between first transport stage 14 and second transport stage 15, following which respective 
elevator pins 16 are raised up from first transport stage 14, the tips of respective elevator pins 
16 being respectively made to mate with the mating holes at second transport stage 15 as 
shown in FIG. 6. At such time, workpiece W is retained due to contact with circumferential 
surfaces (cushioning material 17) of respective elevator pins 16 while being made to float at a 
neutral location between first transport stage 14 and second transport stage 15. 
[0051] Thereafter, as shown in FIG. 2, first and second transport stages 14, 15 are rotated 
about pivot shaft 13 by 180° clockwise in the plane of the paper at FIG. 6. At such time, in 
the event that there is a possibility that first and/or second transport stages 14, 15 could 
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interfere with introduction stage 22 and/or exit stage 32 as first and/or second transport stages 
14, 15 are rotated about pivot shaft 13, extension of extensible shafts 12 makes it possible to 
easily avoid interference. 

[0052] Then, as shown in FIG. 7, respective elevator pins 16 of first transport stage 14 are 
lowered, and expulsion of gas by way of supply passages 14b from respective gas expulsion 
orifices 14c and suction of gas by way of suction passages 14e from respective gas suction 
orifices 14d at first transport stage 14 are terminated, causing workpiece W be transferred to 
second transport stage 15, which now occupies the lower position, due to expulsion of gas by 
way of respective supply passages 15b from gas expulsion orifices 15c and suction of gas by 
way of suction passages 15e from respective gas suction orifices 15d at such second transport 
stage 15. 

[0053] Thereafter, workpiece W, lifted in floating fashion above second transport stage 15, is 
transported to exit stage 32 of exit region 3, and gas expelled from respective gas expulsion 
orifices at such exit stage 32 is made to strike workpiece W, following which suction by 
respective gas suction orifices causes workpiece W to be transferred to exit stage 32 such that 
it is lifted in floating fashion thereabove. 

[0054] At such time, with second transport stage 15 occupying the lower position and first 
transport stage 14 occupying the upper position, a subsequent workpiece W from introduction 
stage 22 of workpiece introduction region 2 would be transported to second transport stage 15 
and a similar procedure would be used to flip workpiece W so as to reverse front and back 
sides thereof and to transfer workpiece W from second transport stage 1 5 to first transport 
stage 14, upon which workpiece W would be transported from such first transport stage 14 to 
exit stage 32 of exit region 3. 

[0055] In this way, workpiece(s) W lifted in floating fashion at first transport stage 14 by 
simultaneous expulsion and suction of gas(es) is/are rotated clockwise in the plane of the 
paper about pivot shaft 1 3 and pair of first and second transport stages 1 4, 1 5 are inverted 
vertically while periphery or peripheries thereof is/are retained as a result of raising of 
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respective elevator pin(s) 16; following which lowering of respective elevator pin(s) 16 
causes, in accompaniment to such lowering, workpiece(s) W to be transferred from first 
transport stage 14 at upper location(s) to second transport stage 15 at lower location(s) such 
that workpiece(s) W is/are lifted in floating fashion by simultaneous expulsion and suction of 
gas(es) at such second transport stage 1 5. As a result, even where increased size of 
workpiece(s) W causes occurrence of bowing at workpiece(s) W and/or where workpiece(s) 
W was/were already bowed at the outset, workpiece(s) W lifted in floating fashion at first 
transport stage 14 by simultaneous expulsion and suction of gas(es) is/are smoothly flipped 
so as to reverse front and back sides thereof while periphery or peripheries thereof is/are 
retained as a result of reusing of respective elevator pin(s) 16; following which lowering of 
respective elevator pin(s) 16 at first transport stage 14 at upper location(s) is accompanied by 
transfer of workpiece(s) W from such first transport stage 14 to second transport stage 15 at 
lower location(s) such that workpiece(s) W is/are lifted in floating fashion thereabove, 
making it possible to definitively prevent occurrence of workpiece W droppage, breakage, 
cracking, chipping and/or the like during transport and/or flipping to reverse front and back 
sides thereof. 

[0056] Furthermore, chucking of workpiece(s) W being carried out by merely causing simple 
elevator-type action(s) implemented by respective elevator pin(s) 16, generation of particles 
from surrounding regions can be held to a minimum. And not only can the number of 
mechanical parts be reduced, failure be made unlikely to occur, and less labor be expended 
during servicing thereof, but the apparatus can also be made extremely compact in size. 
[0057] In addition, workpiece(s) W and/or process(es) are not adversely affected by static 
electricity such as would be the case where a vacuum chuck or electrostatic chuck is 
employed, and it is possible to definitively prevent workpiece(s) W and/or process(es) from 
being adversely affected by static electricity. 
[0058] SECOND EMBODIMENT 
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Next, referring to FIGS. 10 through 13, a second embodiment of the present invention is 
described. 

[0059] In the present embodiment, constitutions of first and second transport stages are 
modified Note that, except for the first and second transport stages, the constitution is in 
5 other respects identical to that of the foregoing first embodiment, and like components will be 
assigned like reference numerals and detailed description thereof will be omitted. 
[0060] That is, in the present embodiment, as shown in FIGS. 10 through 13, gas expulsion 
orifices 41c, 42c which expel gas by way of plurality of supply passages 41b, 42b and gas 
suction orifices 4 Id, 42d which suck gas by way of plurality of suction passages 41e, 42e are 

10 disposed in alternating fashion so as not to mutually crowd each other in region(s) near the 
centers of facing surfaces 41a, 42a of first and second transport stages 41, 42 of workpiece 
rotation region 4. Moreover, the constitution is such that there is/are no elevator pin(s) around 
the region near the center of facing surface 41a of the foregoing first transport stage 41, i.e., 
at the periphery of respective gas expulsion orifices 41c and respective gas suction orifices 

15 41d. 

[0061] A procedure by which workpiece W after being transported from introduction stage 
22 may be flipped so as to reverse front and back sides thereof and may thereafter be 
transported to exit stage 32 is next described. 

[0062] First, as shown in FIG. 10, workpiece W, lifted in floating fashion above introduction 
20' stage 22 of introduction region 2, is transported to first, or lower, transport stage 41 of 

workpiece rotation region 1, upon which gas expelled by way of supply passages 41b from 
respective gas expulsion orifices 41c at this first transport stage 41 (facing surface 41a) is 
made to strike workpiece W, following which suction from respective gas suction orifices 
41d by way of suction passages 41 e causes workpiece W to be transferred such that it is lifted 
25 in floating fashion at first transport stage 41 . 
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[0063] Next, as shown in FIG. 1 1, expulsion of gas from gas expulsion orifices 41c by way 
of respective supply passages 41b is terminated, and gas is sucked from respective gas 
suction orifices 41 d by way of suction passages 41e. 

[0064] Thereafter, as shown in FIG. 12, suction of gas from respective gas suction orifices 

41 d by way of suction passages 41 e causes workpiece W to be held against facing surface 41a 
of first transport stage 41 ; and with the apparatus in this state, first and second transport 
stages 41, 42 are rotated about pivot shaft 13 by 180° clockwise in the plane of the paper at 
FIG. 12. At such time, in the event that there is a possibility that first and/or second transport 
stages 41, 42 could interfere with introduction stage 22 and/or exit stage 32 as first and/or 
second transport stages 41, 42 are rotated about pivot shaft 13, extension of extensible shafts 
12 makes it possible to easily avoid interference. 

[0065] Then, as shown in FIG. 13, suction of gas by way of suction passages 41 e from first 
set of respective gas suction orifices 41 d at first transport stage 41, now at the upper location, 
is terminated, workpiece W is allowed to fall under the force of its own weight, and suction 
by way of suction passages 42e from respective gas suction orifices 42d as gas expelled from 
respective gas expulsion orifices 42c by way of supply passages 42b at second transport stage 

42 is made to strike workpiece W causes workpiece W to be transferred to second transport 
stage 42 such that workpiece W is lifted in floating fashion thereabove. 

[0066] Thereafter, workpiece W, lifted in floating fashion above second transport stage 42, is 
transported to exit stage 32 of exit region 3, and gas expelled from respective gas expulsion 
orifices at such exit stage 32 is made to strike workpiece W, following which suction by 
respective gas suction orifices causes workpiece W to be transferred to exit stage 32 such that 
it is lifted in floating fashion thereabove. 

[0067] At such time, with second transport stage 42 occupying the lower position and first 
transport stage 4 1 occupying the upper position, a subsequent workpiece W from introduction 
stage 22 of workpiece introduction region 2 would be transported to second transport stage 42 
and a similar procedure would be used to flip workpiece W so as to reverse front and back 
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sides thereof and to transfer workpiece W from second transport stage 42 to first transport 
stage 41, upon which workpiece W would be transported from such first transport stage 41 to 
exit stage 32 of exit region 3. 

[0068] In this way, workpiece(s) W lifted in floating fashion at first transport stage 41 at 
lower location(s) by simultaneous expulsion and suction of gas(es) is/are rotated clockwise in 
the plane of the paper about pivot shaft 13 and pair of first and second transport stages 41, 42 
are inverted vertically while workpiece(s) W is/are held by gas suction to such first transport 
stage 41; following which termination of gas suction at first transport stage 41 now 
occupying upper location(s) causes, in accompaniment to such termination of suction, 
workpiece(s) W to fall under its/their own weight(s) and to be transferred from first transport 
stage 41 at upper location(s) to second transport stage 42 at lower location(s) such that 
workpiece(s) W is/are lifted in floating fashion by simultaneous expulsion and suction of 
gas(es) at such second transport stage 42. As a result, even where increased size of 
workpiece(s) W causes occurrence of bowing at workpiece(s) W and/or where workpiece(s) 
W was/were already bowed at the outset, workpiece(s) W lifted in floating fashion at first 
transport stage 41 by simultaneous expulsion and suction of gas(es) is/are smoothly flipped 
so as to reverse front and back sides thereof while workpiece(s) W is/are held by gas suction 
to facing surface 41a of such first transport stage 41; following which termination of gas 
suction at first transport stage 41 now occupying upper location(s) is accompanied by transfer 
of workpiece(s) W, under the force(s) of its/their own weight(s), from first transport stage 41 
to second transport stage 42 at lower location(s) such that workpiece(s) W is/are lifted in 
floating fashion thereabove, making it possible to definitively prevent occurrence of 
workpiece W droppage, breakage, cracking, chipping and/or the like during transport and/or 
flipping to reverse front and back sides thereof. 

[0069] Furthermore, it being possible to carry out chucking of workpiece(s) W by mere 
fluidic suction, and chucking of workpiece(s) by mechanical part(s) being unnecessary, it is 
possible to reduce generation of particles to the maximum extent and it is possible to 
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eliminate mechanical parts, simplify servicing procedures, and make the apparatus more 
compact. 

[0070] THIRD EMBODIMENT 

Next, referring to FIGS. 14 through 19, a third embodiment of the present invention is 
5 described. 

[0071] In the present embodiment, constitution(s) of workpiece rotation region(s) is/are 
modified. Note that, except for the workpiece rotation region(s), the constitution is in other 
respects identical to that of the foregoing first embodiment, and like components will be 
assigned like reference numerals and detailed description thereof will be omitted. 

10 [0072] That is, as shown in FIGS. 14 and 15, disposed between workpiece introduction 
region 2 and workpiece exit region 3 in the present embodiment there are upstream 
workpiece rotation region 5 which is upstream in the workpiece transport direction, and 
downstream workpiece rotation region 6 which is downstream in the workpiece transport 
direction; this upstream workpiece rotation region 5 and this downstream workpiece rotation 

15 region 6, as well as this workpiece introduction region 2 and this workpiece exit region 3, 
being arranged so as to be lined up in a single row over platform Xa. 
[0073] The foregoing upstream workpiece rotation region 5 is equipped with sliders 51 
slidably supported at the upstream side (the right side at FIGS. 14 and 15) in the workpiece 
transport direction by pair of left and right rails 49 (only that at the foreground in the plane of 

20 - the paper being shown in FIGS. 14 and 15) extending in the workpiece transport direction 
and installed over platform Xa; support legs 52 fixed to such sliders 51; extensible shafts 53 
capable of being vertically extended from and retracted into such support legs 52; and 
upstream transport stage 55 which is upstream in the workpiece transport direction and which 
is rotatably supported at the tips of such extensible shafts 53 by way of pivot shaft 54. This 

25 pivot shaft 54 and a motor, not shown, constitute a first rotating mechanism which causes 
upstream transport stage 55 to be rotated counterclockwise as shown at FIG. 15 about pivot 
shaft 54 to tilt angle(s) greater than or equal to 135° but less than 180° in direction(s) tending 
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to cause same to be inverted vertically. Furthermore, the foregoing upstream transport stage 
55 is supported such that it is capable of sliding in the work transport direction (horizontally 
at FIGS. 14 and 15) along rails 49 and such that it is capable of being raised and lowered 
vertically by means of extensible shafts 53. 

[0074] Moreover, the foregoing downstream workpiece rotation region 6 is equipped with 
sliders 61 slidably supported at the downstream side (the left side at FIGS. 14 and 16) in the 
workpiece transport direction by pair of left and right rails 49 extending in the workpiece 
transport direction and installed over platform Xa; support legs 62 fixed to such sliders 61 ; 
extensible shafts 63 capable of being vertically extended from and retracted into such support 
legs 62; and downstream transport stage 65 which is downstream in the workpiece transport 
direction and which is rotatably supported at the tips of such extensible shafts 63 by way of 
pivot shaft 64. This pivot shaft 64 and a motor, not shown, constitute a second rotating 
mechanism which causes downstream transport stage 65 to be rotated counterclockwise as 
shown at FIG. 1 5 about pivot shaft 64 to tilt angle(s) causing same to face, across the 
workpiece transport direction, upstream transport stage 55 as it exists or would exist after 
being rotated by the first rotating mechanism (i.e., to tilt angle(s) causing downstream 
transport stage 65 to become more or less parallel to upstream transport stage 55). 
Furthermore, the foregoing downstream transport stage 65 is supported such that it is capable 
of sliding in the work transport direction (horizontally at FIGS. 14 and 15) along rails 49 and 
such that it is capable of being raised and lowered vertically by means of extensible shafts 63. 
[0075] The foregoing upstream and downstream transport stages 55, 65 present more or less 
rectangular appearances in plan view, and disposed in alternating fashion so as not to 
mutually crowd each other in region(s) near the centers thereof are plurality of gas expulsion 
orifices 55c, 65c which expel gas supplied by way of supply passages 55b, 65b (shown in 
FIGS. 16 through 19) from gas supply tank(s) or canister(s), not shown; and plurality of gas 
suction orifices 55d, 65d which suck gas expelled from such respective gas expulsion orifices 
55c, 65c. Furthermore, as shown in FIGS. 16 through 19, gas expelled from the foregoing 
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respective gas expulsion orifices 55c, 65c strikes workpiece W and is thereafter sucked into 
respective gas suction orifices 55d, 65d, being discharged by way of suction passages 55e, 
65 e to the exterior of the apparatus by means of exhaust pump(s) and/or blower(s), not shown. 
Here, striking of workpiece W by gas expelled from respective gas expulsion orifices 55c, 
5 65c imparts lift to workpiece W, and workpiece W is lifted in floating fashion. 

[0076] Moreover, as shown in FIGS. 8 and 9, disposed with prescribed pitch therebetween in 
the circumferential direction around the regions near the centers of the foregoing upstream 
and downstream transport stages 55, 65, i.e., at the periphery of respective gas expulsion 
orifices 55c, 65c and respective gas suction orifices 55d, 65d are plurality of elevator pins 71, 

10 ... capable of being raised and lowered. Such elevator pins 71 are raised and lowered by 

means of actuator(s), not shown; and when raised, retain the periphery of workpiece W which 
is lifted in floating fashion above upstream transport stage 55. The circumferential surfaces of 
the foregoing elevator pins 71 are coated with cushioning material 72 having rubber, resin, 
and/or gel-like silicone as primary component. Furthermore, of the foregoing respective 

15 elevator pins 71, elevator pin(s) 71 at location(s) corresponding to the downstream side in the 
workpiece transport direction of upstream transport stage 55, and elevator pin(s) 71 at 
location(s) corresponding to the upstream side in the workpiece transport direction of 
downstream transport stage 65, are controlled so as to engage in elevator-type action 
separately from other respective elevator pin(s) 71; and with the apparatus in a state such that 

20 all respective elevator pins 71 are raised, only elevator pin(s) 71 at location(s) corresponding 
to the downstream side in the workpiece transport direction of upstream transport stage 55 
and elevator pin(s) 71 at location(s) corresponding to the upstream side in the workpiece 
transport direction of downstream transport stage 65 are lowered, thereby forming a transport 
path opened between the two transport stages 55, 65 so as to permit workpiece W, lifted in 

25 floating fashion over upstream transport stage 55, to be transferred to downstream transport 
stage 65. Moreover, elevator pin(s) 71 other than elevator pin(s) 71 at location(s) 
corresponding to the upstream side in the workpiece transport direction of downstream 
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transport stage 65 are raised so as to receive workpiece W when workpiece W is transferred 
from upstream transport stage 55 to downstream transport stage 65. 

[0077] A procedure by which workpiece W after being transported from introduction stage 
22 may be flipped so as to reverse front and back sides thereof and may thereafter be 
transported to exit stage 32 is next described. 

[0078] First, as shown in FIGS. 14 and 16, after causing gas expelled from respective gas 
expulsion orifices to strike workpiece W at introduction stage 22 of introduction region 2, 
suction by respective gas suction orifices causes workpiece W, lifted in floating fashion 
above introduction stage 22, to be transported to upstream transport stage 55 of upstream 
workpiece rotation region 5, upon which gas expelled by way of supply passages 55b from 
respective gas expulsion orifices 55c at this upstream transport stage 55 is made to strike 
workpiece W, following which suction from respective gas suction orifices 55d by way of 
suction passages 55e causes workpiece W to be transferred such that it is lifted in floating 
fashion at upstream transport stage 55. 

[0079] Next, as shown in FIG. 17, all respective elevator pins 17 are raised up from upstream 
transport stage 55. At such time, workpiece W is retained due to contact with circumferential 
surfaces (cushioning material 72) of respective elevator pins 71 while being made to float 
above upstream transport stage 55. 

[0080] Thereafter, as shown in FIG. 18, upstream transport stage 55 is rotated clockwise in 
the plane of the paper at FIG. 1 8 about pivot shaft 54 to a tilt angle greater than or equal to 
135° but less than 180°, and downstream transport stage 65 is rotated counterclockwise as 
shown at FIG. 1 8 about pivot shaft 64 to a tilt angle causing same to face, across the 
workpiece transport direction, such rotated upstream transport stage 55 (i.e., to a tilt angle 
causing downstream transport stage 65 to become more or less parallel to upstream transport 
stage 55). At such time, in the event that there is a possibility that upstream and downstream 
transport stages 55, 65 could interfere with each other, and/or that either or both could 
interfere with introduction stage 22 and/or exit stage 32 as upstream transport stage 55 is 
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rotated about pivot shaft 54 and/or downstream transport stage 65 is rotated about pivot shaft 
64, extension of extensible shafts 53, 63 and/or sliding in the transport direction over rails 49 
by way of sliders 51,61 makes it possible to easily avoid interference. 
[0081] Then, as shown in FIG. 19, after raising elevator pin(s) 71 other than elevator pin(s) 
5 71 at location(s) corresponding to the upstream side in the workpiece transport direction of 
downstream transport stage 65, only elevator pin(s) 71 at location(s) corresponding to the 
downstream side in the workpiece transport direction of upstream transport stage 55 is/are 
lowered, forming a transport path between the two transport stages 55, 65, following which 
workpiece W glides, under the force of its own weight, from the downstream side in the 

10 workpiece transport direction of upstream transport stage 55 to a location over downstream 
transport stage 65 via the upstream side in the workpiece transport direction thereof, 
workpiece W being transferred to downstream transport stage 65 due to expulsion of gas by 
way of respective supply passages 65b from gas expulsion orifices 65c and suction of gas by 
way of suction passages 65e from respective gas suction orifices 65d at such downstream 

1 5 transport stage 65 . 

[0082] Thereafter, upstream transport stage 55 of upstream workpiece rotation region 5 is 
rotated counterclockwise in the plane of the paper at FIG. 1 8 about pivot shaft 54, and 
downstream transport stage 65 of downstream workpiece rotation region 6 is rotated 
clockwise about pivot shaft 64, causing the apparatus to return to the state shown in FIGS. 14 

20 and 16. At such time as well, in the event that there is a possibility that upstream and 

downstream transport stages 55, 65 could interfere with each other, and/or that either or both 
could interfere with introduction stage 22 and/or exit stage 32 as upstream transport stage 55 
is rotated about pivot shaft 54 and/or downstream transport stage 65 is rotated about pivot 
shaft 64, extension of extensible shafts 53, 63 and/or sliding in the transport direction over 

25 rails 49 by way of sliders 51,61 makes it possible to easily avoid interference. 

[0083] Thereafter, all of the respective elevator pins 71 at upstream transport stage 55 and 
downstream transport stage 65 are lowered, and workpiece W, lifted in floating fashion above 
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downstream transport stage 65, is transported to exit stage 32 of exit region 3, gas expelled 
from respective gas expulsion orifices at such exit stage 32 being made to strike workpiece W, 
following which suction by respective gas suction orifices causes workpiece W to be 
transferred to exit stage 32 such that it is lifted in floating fashion thereabove. 
[0084] In this way, while periphery or peripheries of workpiece(s) W lifted in floating 
fashion at upstream transport stage 55 by simultaneous expulsion and suction of gas(es) is/are 
retained as a result of raising of respective elevator pin(s) 71, upstream transport stage 55 is 
rotated clockwise in the plane of the paper at FIG. 18 about pivot shaft 54 to a tilt angle from 
135° to less than 1 80° and downstream transport stage 65 is rotated counterclockwise as 
shown at FIG. 18 about pivot shaft 64 to a tilt angle causing same to face, across the 
workpiece transport direction, such rotated upstream transport stage 55 (i.e., to a tilt angle 
causing downstream transport stage 65 to become more or less parallel to upstream transport 
stage 55), following which elevator pin(s) 71 other than elevator pin(s) 71 at location(s) 
corresponding to the upstream side in the workpiece transport direction of downstream 
transport stage 65 are raised, and thereafter only elevator pin(s) 71 at location(s) 
corresponding to the downstream side in the workpiece transport direction of upstream 
transport stage 55 is/are lowered, forming a transport path between the two transport stages 
55, 65, following which workpiece(s) W glides, under the force of its/their own weight(s), 
from the downstream side in the workpiece transport direction of upstream transport stage 55 
to location(s) over downstream transport stage 65 via the upstream side in the workpiece 
transport direction thereof, workpiece(s) W being transferred such that workpiece(s) W is/are 
lifted in floating fashion due to simultaneous expulsion and suction of gas(es) at such 
downstream transport stage 65. As a result, even where increased size of workpiece(s) W 
causes occurrence of bowing at workpiece(s) W and/or where workpiece(s) W was/were 
already bowed at the outset, workpiece(s) W lifted in floating fashion at upstream transport 
stage 55 by simultaneous expulsion and suction of gas(es) is/are smoothly flipped so as to 
reverse front and back sides thereof while periphery or peripheries thereof is/are retained as a 
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result of raising of respective elevator pin(s) 71 ; following which formation of a transport 
path between the two transport stages 55, 65 is accompanied by transfer of workpiece(s) W 
from upstream transport stage 55 to downstream transport stage 65 such that workpiece(s) W 
is/are lifted in floating fashion thereabove, making it possible to definitively prevent 
occurrence of workpiece W droppage, breakage, cracking, chipping and/or the like during 
transport and/or flipping to reverse front and back sides thereof. 

[0085] Furthermore, chucking of workpiece(s) W being carried out by merely causing simple 
elevator-type action(s) implemented by respective elevator pin(s) 71, generation of particles 
from surrounding regions can be held to a minimum. And not only can the number of 
mechanical parts be reduced, failure be made unlikely to occur, and less labor be expended 
during servicing thereof, but the apparatus can also be made extremely compact in size. 
[0086] In addition, workpiece(s) W and/or process(es) are not adversely affected by static 
electricity such as would be the case where a vacuum chuck or electrostatic chuck is 
employed, and it is possible to definitively prevent workpiece(s) W and/or process(es) from 
being adversely affected by static electricity. 
[0087] OTHER EMBODIMENTS 

The present invention encompassing a wide variety of variations in addition thereto, the 
present invention is not to be limited by the respective foregoing embodiments. For example, 
whereas transport at workpiece introduction region 2 as workpiece W is introduced to 
workpiece rotation region 1 and/or upstream workpiece rotation region 5, and/or transport at 
workpiece exit region 3 as workpiece W exits from workpiece rotation region 1 and/or 
downstream workpiece rotation region 6 was in the foregoing respective embodiments carried 
out such that workpiece W is lifted in floating fashion as a result of expulsion of gas(es) 
and/or simultaneous expulsion and suction of gas(es), the manner(s) in which workpiece(s) 
is/are introduced and/or discharged is/are not limited thereto; it being possible to carry out 
transport by means of roller(s) and/or to carry out transport at stage(s) where workpiece(s) 
is/are not lifted in floating fashion. 
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[0088] Furthermore, whereas workpiece W was in the foregoing respective embodiments 
lifted in floating fashion as a result of expulsion of gas(es) and/or simultaneous expulsion and 
suction of gas(es), workpiece W may be lifted in floating fashion as a result of expulsion of 
liquid(s) and/or simultaneous expulsion and suction of liquid(s), in which case this would be 
limited to liquid(s) not adversely affecting workpiece(s) and/or process(es). 
[0089] Moreover, whereas the foregoing respective embodiments were described in terms of 
examples in which more or less rectangular workpiece(s) W is/are transported, the present 
invention may of course be applied to circular workpiece(s), in which case it would be 
sufficient that elevator pin arrangement be modified so as to conform to circular workpiece(s). 
[0090] Also, whereas in the foregoing first embodiment a plurality of elevator pins 16 were 
provided at first transport stage 14, such plurality of elevator pins may be provided at only the 
second transport stage or same may be provided at both transport stages. Furthermore, 
whereas periphery or peripheries of workpiece(s) W was or were retained by plurality of 
elevator pins 16, 17, periphery or peripheries of workpiece(s) W may be retained by guide 
frame(s) of the type which can be opened and closed, or the like. 

[0091] The present invention may be embodied in a wide variety of forms other than those 
presented herein without departing from the spirit or essential characteristics thereof. The 
foregoing embodiments and working examples, therefore, are in all respects merely 
illustrative and are not to be construed in limiting fashion. The scope of the present invention 
being as indicated by the claims, it is not to be constrained in any way whatsoever by the 
body of the specification. All modifications and changes within the range of equivalents of 
the claims are moreover within the scope of the present invention. 
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